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DSMB Responsibilities

1. Protect the interests of trial participants by:

a. Monitoring for adverse events

b. Monitoring for unexpected harm

2. Identify whether the trial has achieved its prespecified goals before 
the scheduled end of the study 

3. Determine if the trial will be unable to demonstrate the anticipated 
difference between therapies “futility”

4. Monitor trial discipline/rigour





ATHENA

Dronederone vs

Placebo in AF.

Connolly et al

(First unplanned hospitalization or Death)

HR = 0.76

HR = 0.71

HR = 0.74



Planned enrollment : 10,800



DSMB meetings March – July 2011



DSMB meeting July 2011.

Termination of study recommended with 3236

Patients enrolled.

Dronederone

Placebo



HR 2.29, P = 0.002

PALLAS Trial. Connolly et al. NEMJ 2011; 365: 2268 



HR 1.95, P < 0.001

PALLAS Trial. Connolly et al. NEMJ 2011; 365: 2268 
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Rivaroxaban with or without Aspirin
in Stable Cardiovascular Disease

J.W. Eikelboom, S.J. Connolly, J. Bosch, G.R. Dagenais, R.G. Hart,
O. Shestakovska, R. Diaz, M. Alings, E.M. Lonn, S.S. Anand, P. Widimsky,

M. Hori, A. Avezum, L.S. Piegas, K.R.H. Branch, J. Probstfield, D.L. Bhatt, J. Zhu,
Y. Liang, A.P. Maggioni, P. Lopez-Jaramillo, M. O’Donnell, A. Kakkar, K.A.A. Fox,

A.N. Parkhomenko, G. Ertl, S. Stork, M. Keltai, L. Ryden, N. Pogosova, A.L. Dans,
F. Lanas, P.J. Commerford, C. Torp-Pedersen, T.J. Guzik, P.B. Verhamme,

D. Vinereanu, J.-H. Kim, A.M. Tonkin, B.S. Lewis, C. Felix, K. Yusoff, P.G. Steg,
K.P. Metsarinne, N. Cook Bruns, F. Misselwitz, E. Chen, D. Leong, and S. Yusuf,

for the COMPASS Investigators*

N Engl J Med 2017;377:1319-30.



COMPASS designCOMPASS designCOMPASS designCOMPASS design

R

Rivaroxaban 2.5 mg bid 
+ Aspirin 100 mg od

Aspirin 100 mg od

Rivaroxaban 5 mg bid

Primary outcome: CV death, stroke, MI 
Expected mean follow up: 3-4 years

Screening 
Period

Run-in
period

Stable CAD or PAD, planned enrolment 27,400 

Event driven, 2,200 participants with a primary outcome event

Bosch J, et al. Can J Cardiol 2017;33:1027-35.
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No. at Risk

Rivaroxaban + Aspirin

Rivaroxaban

Aspirin

Rivaroxaban + Aspirin

Rivaroxaban

Aspirin
Rivaroxaban + Aspirin vs. Aspirin     HR: 0.76 (0.66-0.86) P=<0.0001

Rivaroxaban vs. Aspirin     HR: 0.90 (0.79-1.03) P= 0.115

Cardiovascular Death / Stroke / Myocardial Infarction
Rivaroxaban + Aspirin vs. Aspirin: HR 0.76, 95% CI 0.66-0.86, P<0.0001

Rivaroxaban vs. Aspirin: HR 0.90, 95% CI 0.79-1.03, P=0.11

Cumulative 

Hazard 

Rate

Aspirin

Rivaroxaban

Rivaroxaban    

plus aspirin

Primary: CV death, stroke, MIPrimary: CV death, stroke, MIPrimary: CV death, stroke, MIPrimary: CV death, stroke, MI
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HR 0.76, P<0.0001

HR 0.90, P=0.11



Stopping Guidelines

Safety

The DSMB will review safety outcomes ….

with special attention to bleeding events and events of special interest.

No formal boundaries will be used for terminating the study for safety reasons, 

but clear and consistent evidence of net harm that overrides any benefit should be apparent. 

As a guide the DSMB will review the incidence of the 

primary efficacy outcomes (composite of CV death, stroke, myocardial infarction) and 

compare it to the incidence of the primary safety outcome (modified ISTH major bleeding). 

In the case that risk outweighs benefit in these two important outcomes, the DSMB may 

recommend that the study be stopped early for “harm”. 
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Riva 2.5 + ASA

Riva 5.0

Absolute Excess Major Bleeding 

Riva/ASA vs ASA and Riva vs ASA
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P=0.0002

P=0.13

P<0.0001

P=0.001
Z=5.31

Z=3.67
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Riva 2.5+ASA

Effic
Riva 5.0 Effic

Riva 2.5+ASA

Bleed
Riva 5.0 Bleed

Absolute Excess Major Bleeding and Reduced Primary Outcome 

Riva/ASA vs ASA and Riva vs ASA
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Riva 2.5+ASA Effic

Riva 5.0 Effic

Riva 2.5+ASA Bleed

Riva 5.0 Bleed

Riva 2.5+ASA Net

Riva 5.0 Net

Aggregate Major Bleed caused + Primary outcome prevented 

Riva/ASA vs ASA and Riva vs ASA



Stopping Guidelines

Efficacy

The DSMB is responsible to monitor for greater than expected efficacy. The DSMB will 

review both verified and locally determined events but will, in general, prioritize verified 

over locally determined assessments. 

The DSMB’s meeting for the First Scheduled Interim Analysis for Efficacy will occur when 

approximately 50% (i.e., 1100) of the total 2200 subjects with primary outcome events 

have accrued. For this First Scheduled Interim Analysis for efficacy, the primary outcome 

will be monitored using a modified Haybittle-Peto boundary of 4 standard deviations. The 

boundary refers to a treatment difference that is greater than the prescribed number of 

standard errors and that favors rivaroxaban. In the analysis of the primary outcome this 

corresponds to a one-sided p-value < 0.0001 for the primary comparisons performed with 

a stratified log-rank test.

Second interim analysis…



Z-values for differences in bleeding rates



Z-values for differences in outcome rates





J Am Coll Cardiol 2019; 73: 2769-72.



DSMC





Stopping Guidelines

Efficacy

The DSMC is responsible to monitor for greater than expected efficacy. The DSMC will 

review both adjudicated and locally determined events but will, in general, prioritize 

adjudicated over locally.

The planned formal interim efficacy analyses will occur once 82 (1/3 of total

events) and 164 (2/3 of total events) primary efficacy outcome events have occurred.  

The modified Haybittle-Peto rule will be used to guide the decision regarding early 

stopping: a reduction of 4 standard deviations (α = 0.00006) in the analysis of the primary 

outcome at the first interim analysis or 3 standard deviations (α = 0.0027) at the second 

interim analysis. If the monitoring boundary is crossed at either of the 2 interim analyses, a 

second look will be conducted after at least 3-6 months to confirm the boundary remains 

crossed and that the trend in treatment effect is not temporary.



Rivaroxaban

ASA

Stroke/SE



Rivaroxaban

ASA

Major Bleeding



DSMC Monitoring
Excess of major bleeds on Riva noted very early in trial

Request for quantitation of severity of strokes and of major bleeds

June 2020 - First formal interim analysis of efficacy

75 events (vs 84 in charter)

Riva vs ASA HR = 0.65 , Z = 1.82 (4.0)

Major bleed HR = 1.59, p = 0.032

Composite of fatal stroke or symp ic bleed, less on riva

Composite of stroke/TIA or major bleed HR = 1.16

(no double count of ic bleeds)

All cause mortality and vascular mortality no difference

April 2023 – Second Formal interim analysis of efficacy

154 events (vs 164 in charter)

Riva vs ASA HR = 0.68, Z = 2.36 (3.0)

Major Bleed HR = 1.36, p < 0.05

Composite of Major stroke/TIA + major bleed HR = 1.03

All cause mortality and vascular mortality no difference



N Engl J Med 2024;390:107-117
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